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Santa Fe, N. Mex. 
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-- 

--- 
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TABLE 3.-Daily totals and hpartwes of solar and sky radiation during 
Arigwt, 1918. 

[Gram+alories per square centimeter of horizontal snrlsee.] 
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Decade depl+tm. 

Day ofmonth. 
Waab- 

ton. 

........................ 

Aug. 1 .......... 
2 .......... 
3 .......I... 
4 .......... 
5 .......... 
8 .......... 
7 .......... 
8 .......... 
9 .......... 
10 .......... 

18 .......... 84 
19 .......... 525 
r) .......... 543 

Ed. 
480 
467 
477 
314 
542 
533 
476 
538 
4ea aaa 

son. 

cal. 
115 
Bp 
96 
135 
88 
4 8 -  

-304 
-222 
--a06 

65 
- 9 0  
111 - 07 

-m8 
- 4 4 -  

33 
-189 

39 
57 

-115 

....... 

N3. 
435 
545 
573 
286 
495 
JBB 
469 
375 

475 

258 
552 
509 
573 
411 
77 
121 
499 
593 
4-20 

53a 

cal. 

- 18 - M - 188 - 125 
89 - 67 - 2 - 7 - 176 

- 255 - 211 - 227 - 177 
18 
110 - a06 - 564 - 478 - 367 

- 191 

- 3 

-11-- 

627 
863 
614 
571 
215 
294 

-11- 

- 4  
-168 

63 
58 
2 
85 

306 
574 I - 5  

-169 

- 
Msdi- 
son. 

447 
521 
315 

5% 
3w) 

5m 

2 8 7 m  
159 
128 

-318 

88 
109 

-356 

21.. ........ 
2a .......... 
23. ......... 
24 .......... 
25.. ........ 
!a. ......... 
29 .......... 
30.. ........ 
31 .......... 

n. ......... m. ......... 

118 
-64 - 77 
101 
14 
131 

583 
437 
500 
574 
M)o 
400 
412 
69 
'372 
422 
333 

I- 205 - 196 - 121 
31 
111 
93 

6 8 8 9  

690 
r105 
389 
564 
474 
599 
521 
358 
542 
142 
614 

182 
9 
75 
152 
80 - 18 

- 4  
-325 
-40 

12 
- 7 0  

I I I I I  

G r . 4 .  ................ -1,266 
Percent ................. - 1.3 1 Exoess or deficiency since first of yew{ 

Cal. 
- 5 0  

72 
102 

-1P3 

124 
27 

-84 
61 
21 

-183 
104 
04 
130 

-39 
-361 
-314 

67 
163 

2 

m 

_..-.. 
-80 
110 

-177 
141 
90 
154 
70 

-122 
125 

-102 
152 

-11- 

-11- 

Madi- 
son. 

Ed. 
-50 

M 
1.24 

-59 - 31 
93 

38 
117 
138 

- 55 
49 
113 
a43 
214 

-147 
-461 
-394 
-231 -a 
-367 

-XI 
-179 
-358 
-215 
-125 

29 
!ml 

-a3 
102 
0 

152 

+381 

4-938 
+1.0 

im 

Cal.  
115 
208 
305 
440 
52s 
576 
272 
50 

-156 - 91 
-1Sl - 70 - 137 
-345 
-3m 
-358 
-525 
-486 
-429 
-644 

-453 

4 - 2 8  
-490 
-587 
-468 

-321 
-255 
-350 
-258 
-564 
-396 

+I48 

+276 
+0.2 

-62 

VOLCANIC EBUP'RONS AND SOLAR BADIATION 
INTENSITIES. 

By HERBERT H. KIMBALL, Professor of Meteorology. 
[Dated: Washington, D. C., Sept. 13,1918.1 

In previous papers' curves have been presented 
showing variations in the annual mean values of solar 
radiation intensity at a few stations, for the period 1883- 
1912. These have been quoted by different writers,' 

1 KimbaU, Hcrbm E. Bulletin of tho Mount Weather Obcrvatory. 3:lll: 5:301. 
1 Emmpbre W. J .  Volcanic dust and other factors in the production of climatlc 

chanew. an&eIr wsslble relation to the ice ages. Bulletln of the Mount Westher 
Ob&dory C144.- 

Obse&t& ofthe SmIth;onian Institution, 3311-!2!29. 
dW C 6. & Fowlc F. E. Volarnoeg and climate. Annsls of the Astrophysical 

and it  now seems advisable to bring them up to date, 
since the last curve published ends in the mdst of the 
de ression of 1912-13, following the eruption of Katmai 

In Table 1 there is given for each station the month 
md year of the beghning and endin , and reference to a 
footnote gives the character, of the 5 ata utilized in con- 
structing this new curve. The data for some of the 
stations is not complete. For example, at Simla, India, 

mentar 

E. Mex. The records of these two latter stations were 
not emplo ed previous to 1914, except in determining 

TABLE L-Dwatwn and character of molar radiation intmsitg rum-&. 

Vo 7 cano, Alaska, in June, 1912. 

radiation measurements are rarely obtained in 
August. At Mount Weather, Va., the records 

until May, 1911, and the same is true 
art o 9 the records at Madison, Wis., and Santa Fe, 

the mont J y normals for these stations. 

Y W  

- 
lsra 
lS33 
1W 
1585 
1ps6 
lS7 
1M8 
1SsB 
1890 
1891 
la92 
1893 
1594 
1595 
1896 
1 ,w 
lLW 
1899 
1900 
1901 
1902 
1903 
1!M4 
1905 
1906 

1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1918 
1917 
191s 

1907 

-- 
X-monthly means of noon solar radiation Intensities. 
+-monthly maxima of solar radiation Intensities. 
O=monthl mems of solar radiation intensities with the sun at zanith distancs 80.. 
Inkdnta &closed In curves employed only in completing the monthly normals of 

t&ikpictive stations. 

' For stations in the United States the monthly normal 
has been obtained bv dividing the sum of all the radiation 
intensities measured in the months of a iven name by 
the total number of measurements. or the other 
stations it has been necessary to take the average of the 
monthly means for the monthly normal. 

The monthly means or the monthly maxima for each 
station have next been expressed as a percentage of either 
the monthly normal or the average monthly values and 
the mean of the percenta ea for all the stations deter- 

smoothed by the formula a + 2 b + c ,  where b is the mean 
for the month in question, and a and e are the means 
for the preceding and following months, respectively. 

mined for each month. T % ese monthly means have been 
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The smoothed percentages thus obtained have been 
plotted as dots on figure 1. 

Reference to Table 1 shows that for the eriod Decem- 

station only, and from September, 1892, to December, 
1895, from two stations only. 11 consequence the 
monthly values are much more scattering previous to 
1896, and especially previous to 1893, than subsequent 
to the& years. 

Furthermore, all the radiation measurements revious 

Bo er e uation that the percenta e of depletion due 
to ?m%ed transmissibility of $e atmosphere, or 
the percentage increase due to increased atmospheric 
transmission, would be ater during the winter months, 

in the summer months, when it is at a minimum. There 
is evidence of this annual variation in the radiation in- 
tensities, particularly in the early part of the curve. 

ber, 1882-August, 1892, data were availab 9 e for a single 

to 1905 were made at  noon only. It follows P rom the 

when the sun’s zenitha P distance is at a maximum, than 

conditions generally fall  between 102 and 104 per cent. 
The follow‘ are the sources of the solar radiation 

MONTPELLIER, FRANCE. Eon, L. J. Intenait6a calorifiquea de la 
radiation aolaire et  dur6e de l’inaolation a Montpellier. (Ann& 1900 
et r6sum6 de la aerie 1883-1900.) (In Bulletin m6thrologique du 
D6 artment de I’Hhrault, ann6e 1900. Mont ellier. 1901.) 

~ A U S A N N E ,  SWITZERLAND. Biihrer, C. 6: Dufour, Henri. M- 
sum6 dee obaervations wtinom6triques de l’annb 1903. (Arch. aci. 
hys. nat., GenBve. 4 p6r. Tome 19. 1905. .388-390.) Dufour, 

henri. L’insolation en Suisee. 1 partie. ( k h .  sci. ph 
GenBve. 4 pC. Tome 16. 1903. p. 417-434.) Dufour, gn;k 

data that have l3 een utilized: 

% 
1:0 

I10 

105 

a 

Fra. 1.-Monthly average3 of solar radiation intntpmslty at earth’s surface, expressed as pemntsgcs of the monthly normals. 

This has been taken into account in drawing a free-hand 
curve through the plotted values. 

As previously shown,’ the three great depressions in 
the curve of figure 1 follow the great eruptions of Kra- 
katoa in the summer of 1883; of Pelhe, Santa Maria, 
and Colima, in 1902, and of Katmai in June, 1912. In 
each case there has been complete recovery-in the case 
of Krakatoa, after 34 months, of Pelhe after 17 months, 
and of Katmai, after 21 months. There are minor de- 
pressions in 1888-59 and in 1907-8 that have not been 
accounted for dehitely, and also one in 1916-17 that 
may be due to the fact that since the outbreak of the 
European war it has been necessary to substitute data 
from stations in the United States for that previously 

: 1-1, a=, where IO is the radiation intensity ou.teide the atmosphere, a is the tpm 
of theradiation transnuttad 

of the a!?% the sun’s rays t h o  h the 
of the p*&r ztmltL sun, q d  I la the solar a l a t i o n  

ty m-M at the su*e of the earth. This esuatlon i s  strictly true for homo- 

missloncoeffident of theatmosphere ortheproporhd 
when the sup is in the zenith n is the 1 
a w r e  m terms of the1 
in 
gene€lua-ra old 

4 XimbCli$H. &.loo. oit. Humphrq; rP: J .  loo. oit. 

Biihrer, C. L’insolation en Suiaae. 2 partie. (Arch. eci. phys. nat., 
Genhve. 4 p6r. Tome 16. p. 526-540.) 

PAVLOVSK, RUSSIA. Savinov, S. 1. [The maximum of aolarradia- 
tion at Pavlovak since 1892. The decrease in the intenmty during 
the second half of 18121. [Russian.] Bull., Ac. Imp. dee. eCi., St. 
Pbterebourg, 6 me E&., 1913, No. 12, . 707-720. 

WARSAW, POLAND. Qorczynski, Ldislav. Valeura yrhhliom6- 
triques et lee mmmes d’indation b Varaovie pendant la &ode 1901- 
1913. Varaovie, 1914. 

WABHINQTON, D. C. Bulletin of the Mount Weather Observatory, 
3:85-96; 5:182,302,303; Monthly Weather Review, 1914,42:648; 1915, 
43:112. [Monthly thereafter.] 

SIMLA, INDIA. Indian Monthly weather review, 1-15. 
PARIS (PAW ST. MAUB), FEANCE. La Nature (Park), Supplhment, 

ann6ea 35-42, 1907-1914. 
MOUNT WEATERE, VA. Bulletin of the Mount Weather Obaervatary, 

5:303-311; 6:215-219. Monthly Weather Review, 1914,42:139,310,520. 
MADISON, WIN. Bulletin of the Mount Weather Observata 5:173- 

183. Monthly Weather Review, 1916, 44:3, 9-12. [Month? there- 
after.] 

SANTA FE, N. MEX. Monthly Weather Review, 1915, 43:439443, 
691. [Monthly thereafter.] 

LINCOLN, NEBB. Monthly Weather Review, 1916, 44:4-8. 
[Monthly thereafter.] 


